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CLAIMS 

1. Microcapsule^ or microballoons of ■lcronlc or sub- 
micronlc size bounded\by a polymer membrane filled with air or a 
gas suitable, when Un the form of suspensions in a liquid 
carrier. to be administered to buian or animal patients for 
therapeutic or diagnostic applications, e.g. for tbe purpose of 
ultrasonic echography imWng. characterized in that the polyaer 
of the aeabrane is a d^ra«jble and resilient lnterf acially 
deposited polyaer. 

2. Air or gas fillNe/A alcroballoons bounded by an elastic 
lnterfacial polymeric aeabrane adapted to form with suitable 
physiologically acceptable\aqueous carrier liquids suspensions 
to be taken orally, rectally\and urethrally, or injectable into 
living organisms for therapeutic or diagnostic purposes, 
characterized in being non-coaVescent dry and instantly dlsper- 
aible by admixing with said liduid carrier. 

3. The alcroballoons of claims 1 or 2 having size mostly in 
the 0.5 - io /xm range suitable for injection into the blood- 
stream of living beings, characterized In that the membrane 
polymer is biodegradable and the membrane is either impervious 
or contains pores permeable to bioactive liquids for increasing 
the rate of blodegradat ion . 

4. The alcroballoons of claim 3, in which the polyaer 
aeabrane has a porosity ranging froa a^fjew^ nanoa^ters_to-several 
hundreds or thousands of nanoaeters, jjreferabry " 50^2 00q_na,) 

5. The alcroballoons of claim 3, in which the ^mbrTne is 
lastic. has a. thickness of 50-500 nm , and resists pressure 

variations produced by heart beat pulsations in the blood- 



stream. 



6. The microballoons of claim 3. m which the polymer of 
the aeabrane is a biodegradable polyaer selected from poly- 
saccharides, polyamino-acids. polylactldes and polygiycol ides 
and their copolymers. copolymers of lactldes and lactones, 
polypeptides, poly- (ortho)esters . polydioxanone , poly-0-amino- 
ketones. polyphosphazenes , polyanhydr ides and poly ( alky l -cyano- 
acrylates). =— 

7. "The microballoons of claim 3, m which the membrane 
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polyaer is selected froa polygl utamic or polyaspartic acid 
derivatives and their copolyaers with other aaino-aclds. 

8. The alcrobalioons of clala 7, in which the polyglutamlc 
and polyaspartic acid derivatives are selected froa esters and 
aaides involving the carboxylated side function thereof, said 
side functions having foraulae 



or 



-(CH 2 ) n C00-CHR 1 C0OR ( I ) , 

-CCH 2 ) n C0OR 1 R 2 -0-COR or 

- CCH 2 ) n C0 ( HH-CHX-CO ) ,NHCH ( COOH ) - ( CH 2 ) p COOH (III). 

in which R is an alkyl or aryl substituent; R 1 and R 2 are H or 
lower alkyls. or R and R 1 are connected together by a 
substituted or unsubsti tuted linking aeaber to fora a 5- or 6- 
■ abered ring; n is 1 or 2 ; p is 1 , 2 or 3 ; a is an integer froa 
1 to 5 and X is a side chain of an aainoacld residue. 

9. The alcrobalioons of clala 3, m which the aeabrane 
polyaer contains additives to control the degree of elasticity, 
and the size and density of the pores for peraeability control. 

10. The alcrobalioons of clala 9, in which said additives 
include plasticizers, aaphipatlc substances and hydrophobic 
compounds. 

11. The alcrobalioons of clala 10. m which the plastici- 
z rs include lsopropyl ayristate, glyceryl aonostearate and the 
like to control flexibility, the aaphipatlc substances include 
surfactants and phospholipids like the lecithins to control per- 
aeability by Increasing porosity and the hydrophobic coapounds 
Include high Molecular weight hydrocarbon like the paraffin- 
waxes to reduce porosity. 

12. The alcrobalioons of clala 10, in which the additives 
include polyaers of low aolecular weight, e.g. in the range of 
1000 to 15.000, to control softness and resiliency of th 
aicroballoon a abr'ane. 

13. The alcrobalioons of clala 12, in which the low 
aolecular weight polyaer addltlv s ar select d froa polylacti- 



23 



tlons, characterized in that t ha « ^ pp ca 

hin , " cnat tho ■eahrane polymer i 3 „^ 

biodegradable in the digestive tract * n « i 

gical liquids. d lB P ervio " to biolo- 

15. The microballoons of claim 14 i„ w h i„h -k 
sei»r-«-«^ * ln which the polymer i 3 

selected from r>n i vn i»<(-» , * x 3 

non-hydrolveahle noHeir pol W l «". Polyacrylonitrlle . 
___^^ zaI > i e Polyesters, polyurethanes and polyureas. 

claims i A9U60U3 3U3Pen3l ° n ° f the -icrohalloons according to 
con tain'" 2 ——on to patients, characterized n 

containing a concentration of about lo* to 10*° mi 
__^lloons/ml, this being stable for a « 

~~~17—a .„t.», „ * Period exceeding a month. 

A "ethod for making air or aas fni«* 

pbaee"' ** U ; 3 " yln9 ^"P^iS-SgaicJj... into a vater 

P»«e ao aa to obtain droplet.- of TaTd^dTo^Soblc p ha ,e aa al 

oll-ln-water emulalon in aald .ater phaae; — ' ' P "" e " •» 

<2) adding to aald e.ulalon . , n ,„' r .„ of 

layer of aald poller vlll for. around , ald droplet ,. 
.Ill V e " aPOratln9 » o1 ""» "ivent ao «bat the po^yer 

that ITIVIV'V" hyar ° Pft "- »• "lected ,o 

the .at.r J v.por.t.. aubatantlaHy al.uit.n oualy „«„ 

"owl! " ^ " PlaC " " y " "»y-«r» free 

"owing, readily dlaperalble .lorob.Hoona are obtained 

X«. T„e .ethod of el.i. 17 . m whlcb , M ' 
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dissolved ln 3ald hydrophobic phase, so that steps (2) and (3) 
can be o»ute d and the polymer membrane will for* by interfacial 
precipitation during step (4). 

19. The method of claim 17, characterized m that evapora- 
tion of aald hydrophobic phase m step (4) is performed at a 
temperature where the partial vapour pressure of said hydro- 
phobic phase is of the same order as that of water vapour 

3ten *°; ^ ° f Clai » 17 ' i» which said evaporation of 

»tep (4) is carried out under f reeze-drying conditions. 

21. The method of claim 17. i„ which f reeze-drying is 
ffected at temperatures of from -40°C to 0°C. " 

ohase 22 ; ^ meth0d ^ ClaiBS 17 " 9 ' ln VhlCh «• hydrophobic 
Phase is selected from organic compounds having a vapour 

Pressure of about 1 Torr at a temperature comprised m the 
Interval of about -40°C to 0°C. 

23. The method of claims 17 or 18. ±» which the aqueous 
Phase comprises. dissolved, from about 1 to 20% by weight of 
stabilizers comprising hydrophllic compound selected from 
sugars. PVA . PVP . gelatin. starch, dextran, polydextrose 
albumin and the like. - yaextrose, 

24. The method of claim 18. m which additives to control 
the degree of permeability of the microballoons membrane are 
th ^ h ^ r °P hobic the rate of biodegradabiiity of 
the polymer after injecting the microballoons into living 
organisms being a function of said degree of permeability. 

include 5 ' JT ° f Clal " ln VhlCa " 6 " ld 

include hydrophobic solids li ke fats, waxes and high molecular 

poller T 0Carb0n3 ' ^ Pre3CnCe ° f * hlCh ln -^ra„e 
Polymer of the microballoons will reduce permeability toward 
aqueous liquids. 

ln c .„r" " eth ° d °' Cl "" 24 • " VBleh tbe """Ive, 

Include »ph 1P atlc co.pounds llle the phospholipid. or 1„» 

.olecul.r .eight poly.era. the presence ol vhlch ,n the .e-hrane 

Polyer vm increase per.e.hmty o, the .Icrohalloons to 

aqueous liquids. 

, uh , JJ'/ he " tt '°'' ln *" 1Ch "y»«Pt.oMc phase 

suhjected to .unification In said »at r phase also contains a 
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water-soluble solvent which, upon being diluted into said water 
phase during emulsif icatlon , will aid in reducing the size of 
droplets and induce interfacial precipitation of the polymer 
^before step (4) is carried out. 

28. A method for «aking air or gas filled ■lcroballoons 
usable as suspensions in a carrier liquid for oral, rectal and 
urethral applications, or for injections into living organisms, 
this method comprising the steps of: 

(1) emulsifying a hydrophobic organic phase into a water 
phase so as to obtain droplets of said hydrophobic organic phase 
as an oil-in-water emulsion in said water phase, said organic 
phase containing, dissolved therein, one or more water-insoluble 
polymers ; 

(2) subjecting said emulsion to reduced pressure under 
conditions such that said hydrophobic phase be removed by 
evaporation, whereby the polymer dissolved in the droplets will 
deposit interfacially and form a polymer bounding membrane, the 
droplets being simultaneously converted to microbalioons , 

characterized In that said hydrophobic phase is selected so 
that in step (2) it evaporates "substantial ly simultaneously with 
the water phase and, upon evaporation, is replaced by air or 
gas, whereby the microbalioons obtained are in dry, free flowing 
and readily disperslble form. 

29. The method of claim 28, in which the hydrophobic 
polymer solution phase subjected to emulsif ication in said water 
phase also contains a water-soluble solvent which, upon being 
diluted into said water phase during emulsif ication, will aid in 
reducing the size of droplets and induce interfacial precipita- 
tions of the polymer before step (2) is carried out. 

30. The method of claim 28, in which said organic hydro- 
phobic phase emulsified in step (l) contains no polymer 
dissolved therein, and before carrying through step (2), the 
following additional steps are perform d: 

(la) adding to said mulslon a solution of at least one 
polymer in a volatile solvent insoluble in the water phase. so 
that a layer of said polymer will form around said droplets; 

(lb) vaporating said volatile solv nt so that the polymer 
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will d posit by interfacial precipitation around the droplets, 
thus forming microballoons or beads with a core of said 
hydrophobic phase encapsulated by a membrane of said polymer, 
said beads being in suspension in said water phase, whereby m 
step (2) evaporation of said hydrophobic phase takes place 
through said aeabrane and provides it with substantial aicro- 
poroslty . 

31. An injectable aqueous suspension of microballoons 
containing 10 8 -10 10 vesicles/al bounded by a aeabrane of 
interfaclally precipitated DL-lactide polyaer defined by the 
commercial naae of Resoaer. 

oMJX*S 



